Chorioamnionitis and funisitis are associated with preterm labor and postnatal morbidity. Activation of endothelium resulting in up-regulation of adhesion molecules seems to be a key mechanism in development of organ damage. We investigated whether chorioamnionitis with or without funisitis in preterm infants induced expression and shedding of adhesion molecules in the umbilical cord and resulted in increased concentrations of E-selectin, intercellular adhesion molecule (ICAM)-1, IL-1␤, IL-6, and IL-8 in the cord blood. Data were obtained by using immunohistochemistry and ELISA. Thirty-two preterm infants were divided into three groups according to histology: chorioamnionitis with funisitis, chorioamnionitis without funisitis, and controls without signs of inflammation. ICAM-1 expression on arterial endothelium was higher with funisitis compared with chorioamnionitis alone or with the control group. Similar results for ICAM-1 expression were found in venous endothelium, vascular walls, Wharton's jelly, and amnion epithelium. Endothelial E-selectin and vascular cell adhesion molecule (VCAM)-1 expression was only induced significantly with funisitis. Serumconcentrations of soluble ICAM-1 were higher with funisitis compared with chorioamnionitis alone or control group. Similarly, concentrations of soluble E-selectin, IL-1␤, IL-6, and IL-8 were increased exclusively with funisitis. In conclusion, only chorioamnionitis with funisitis was associated with systemic inflammation and endothelial activation with up-regulation and shedding of umbilical cord adhesion molecules. We speculate that this activation of endothelium may not be limited to the umbilical cord but may also involve other organs resulting in neonatal morbidity. This underlines the importance of funisitis as a risk factor for adverse outcome. Chorioamnionitis is an important risk factor for preterm delivery (1) that is associated with high perinatal morbidity (2) and mortality (3). In addition, chorioamnionitis itself is a risk factor for bronchopulmonary dysplasia, intracranial hemorrhage, and brain white matter damage (4 -6).
concentrations of soluble ICAM-1 were higher with funisitis compared with chorioamnionitis alone or control group. Similarly, concentrations of soluble E-selectin, IL-1␤, IL-6, and IL-8 were increased exclusively with funisitis. In conclusion, only chorioamnionitis with funisitis was associated with systemic inflammation and endothelial activation with up-regulation and shedding of umbilical cord adhesion molecules. We speculate that this activation of endothelium may not be limited to the umbilical cord but may also involve other organs resulting in neonatal morbidity. This underlines the importance of funisitis as a risk factor for adverse outcome. Chorioamnionitis is an important risk factor for preterm delivery (1) that is associated with high perinatal morbidity (2) and mortality (3) . In addition, chorioamnionitis itself is a risk factor for bronchopulmonary dysplasia, intracranial hemorrhage, and brain white matter damage (4 -6) .
One major pathway of infection is ascending bacteria from the vaginal tract, which can penetrate intact membranes and invade into the amnion cavity and decidua (7) . This leads to infiltration of the chorioamnion by neutrophils and to chorioamnionitis resulting in high concentrations of IL-1␤, IL-6, and IL-8 in the amniotic fluid (8 -10) . With progression of inflammation, immune cells penetrate blood vessels and infiltrate the umbilical cord, resulting in funisitis (11) . Sampson and coworkers (12) have shown by in situ hybridization that fetal cells migrate from blood vessels even through the umbilical cord tissue and reach the amniotic cavity. Therefore, funisitis is widely regarded as an inflammatory response of the fetus and has even been shown to reflect a systemic fetal inflammatory response (13) (14) (15) (16) (17) . Furthermore, there is some evidence that funisitis is a risk factor for adverse outcome (18) , chronic lung disease (19) , intracranial hemorrhage (20) , cerebral palsy (21) , white matter damage (22) , and impaired neurologic outcome (23) .
Endothelial adhesion molecules play a crucial role in transmigration of leukocytes from the bloodstream to sites of inflammation. In the first step, E-selectin mediates rolling of leukocytes on the endothelium, followed by stable arrest (9, 24) . E-selectin is a member of the selectin family and binds to sialyl Lewis X domain of other E-selectin molecules on leukocytes, predominantly neutrophils (24, 25) . After rolling, firm adhesion of leukocytes to the endothelium, which is essential for transmigration, is mediated by VCAM-1 and ICAM-1 (26) . VCAM-1 is a member of the Ig gene superfamily (24) . Its ligand is leukocyte very late antigen-4 on lymphocytes, basophils, eosinophils, monocytes, and natural killer cells, whereas VCAM-1 does not bind neutrophils (24) . ICAM-1, a member of the Ig gene superfamily, binds to leukocyte function antigen-1 on all leukocytes, including neutrophils (24) . The expression of these endothelial adhesion molecules can be up-regulated by inflammatory cytokines such as TNF-␣, IL-1␤, IL-6, and IL-8 (24) .
We investigated whether chorioamnionitis in preterm infants in the presence or absence of funisitis induced the expression and shedding of adhesion molecules in the umbilical cord. We hypothesized that up-regulation of adhesion molecules and shedding could be part of a fetal inflammatory response syndrome with increased inflammatory mediators such as IL-1␤, IL-6, IL-8, soluble E-selectin, and soluble ICAM-1 in the fetal circulation.
METHODS

Patients.
Umbilical cord blood, umbilical cord, and placenta samples from 32 preterm infants (13 female, 19 male) were taken out of a collection of 57 samples obtained from the Children's Hospital of the City of Cologne in the years 1998 -2001. Median (IQR) was 26 (25) (26) (27) (28) wk of gestation and 925 (736 -1083) g for birth weight. The study was approved by the hospital ethics committee and patients' parents gave informed consent. Those patients were included in the study with the most complete set of clinical data and with sufficient amounts of cord blood sera to evaluate concentrations of IL-1␤, IL-6, IL-8, soluble E-selectin, and ICAM-1 as complete as possible. In addition, prenatal steroid prophylaxis was defined as an inclusion criterion. Hematoxylin-eosin-stained sections of placenta and umbilical cord were reviewed by a pathologist who was unaware of clinical data. Patients were assigned to three groups according to the histologic diagnose of chorioamnionitis and funisitis. Chorioamnionitis was defined as infiltration of neutrophils in the extraplacental membranes or chorionic plate (27) . Funisitis was diagnosed when neutrophils infiltrated the wall of umbilical cord vessels or Wharton's jelly (27) . The first group was characterized by chorioamnionitis and funisitis and will be referred to as funisitis group (n ϭ 11). In the second group, only chorioamnionitis was diagnosed without inflammation of the umbilical cord, therefore, referred to as chorioamnionitis group (n ϭ 9). The control group showed no inflammation of placenta and umbilical cord (n ϭ 12). Characteristics of patients are shown in Table 1 . There was no difference in distribution of sex, gestational age, birth weight, Apgar score after 5 min, and umbilical cord artery pH between groups. Almost all mothers in all three groups had uncontrollable preterm labor with no difference between groups. The funisitis group had the highest frequency of PROM and the control group had the lowest frequency of PROM (p Ͻ 0.05, Table 1 ). There was no significant difference in the frequency of PROM between the funisitis and chorioamnionitis groups and between the chorioamnionitis and control groups.
Immunohistochemistry. Immunohistochemical staining was done separately for E-selectin, VCAM-1, and ICAM-1. Serial sections were cut from formalin-fixed, paraffin-embedded umbilical cord samples and mounted onto coated slides. To improve adhesion of the tissue, slides were incubated at 37°C overnight. After deparaffinization and rehydration, antigen retrieval was carried out with target retrieval solution pH 6.1 (DAKO, Carpinteria, CA) using the microwave oven technique. Endogenous peroxidase activity was blocked by methyl alcohol/hydrogen peroxide, nonspecific binding by PBS/0.02% Triton ϫ100 and 5% BSA. Slides were incubated overnight at 4°C in a humidified chamber with primary monoclonal mouse antibodies in blocking solution: anti-human E-selectin (1:20, R & D Systems, Minneapolis, MN), anti-human VCAM-1 (1:20, DAKO, Copenhagen, Denmark), anti-human ICAM-1 (1:50, Santa Cruz Biotechnology, Santa Cruz, CA). Detection was done with a secondary biotinylated anti-mouse antibody and incubation with avidin-peroxidase reagent (Vecta stain kit, Vector Laboratories, Burlingame, CA). All other reagents were obtained from Sigma Chemical Co. (St. Louis, MO), if not otherwise specified. The enzymatic reaction was developed with 3,3' diaminobenzidine and nickel sulfate in a sodium chloride acetate buffer pH 6.0; incubation in Tris buffer pH 7.2 containing cobalt chloride turned the brownish color of the enzymatic product into black. After counterstaining with nuclear fast red in 5% aluminium sulfate, samples were dehydrated and mounted.
For E-selectin and VCAM-1, the number of positive endothelial cells per vessel was counted at a magnification of ϫ40, because we found single and clustered stained cells. ICAM-1 was expressed on all endothelial cells of all investigated vessels. Therefore, the extent of staining was measured with a four-step semiquantitative scale (magnification ϫ20 and ϫ40). Evaluation was done by two independent observers, unaware of the identity of the samples. Two to five tissue sections per slide from different regions of the umbilical cord and two arteries and one vein per tissue section were analyzed, and the average count of all results was calculated for the artery and vein of each sample.
Umbilical cord sections of a preterm infant (gestational age 25 wk) diagnosed with chorioamnionitis and funisitis and who died of septic shock served as positive controls for all antibodies and were included in every staining. Separate sections were also incubated with blocking solution lacking the primary antibody as a negative control.
Analysis of blood samples by ELISA. Cord blood samples were obtained immediately after birth, centrifuged, and sera were stored at Ϫ30°C. Soluble ICAM-1 and E-selectin concentrations were measured with commercial ELISA kits from BenderMedSystems (Vienna, Austria), with sensitivities of 3.3 ng/mL and Ͻ0.5 ng/mL, respectively. IL-1␤, IL-6, and IL-8 concentrations were quantified with commercial ELISA kits from Amersham (Amersham Pharmacia Biotech Europe GmbH, Freiburg, Germany). The assay sensitivity was 0.1 pg/mL for IL-1␤, 0.1 pg/mL for IL-6, and Ͻ5 pg/mL for IL-8. Data for IL-1␤, IL-6, and IL-8 were part of a publication by Tauscher et al. (28) . We were not able to measure IL-6 and IL-8 concentrations in three samples within the chorioamnionitis group as there was not enough material available.
Statistical analysis. Differences between groups were tested with the Kruskal-Wallis H test (for gestational age, birth weight, umbilical cord artery pH, and Apgar score after 5 min), the 2 test (for sex), the two-sided exact test by Fisher and Yates (for labor and PROM), the Mann-Whitney U test (for ICAM-1 expression, VCAM-1 expression, and concentrations of inflammatory There was no significant difference in gestational age, birth weight, Apgar score after 5 min, umbilical cord artery pH, and uncontrollable preterm labor between groups. The control group had the lowest incidence of PROM, the funisitis group the highest incidence (p Ͻ 0.05; two-sided exact test by Fisher and Yates). Umbilical cord artery pH was not available for one patient in the funisitis group and for one patient in the control group. Results are presented as median (IQR).
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mediators), the Kendall tau-correlation test (for correlation between concentrations of inflammatory mediators in the cord blood and expression of adhesion molecules in the umbilical cord), and the two-factor-variant-analysis of Puri and Sen (for the difference between arterial and venous ICAM-1 expression). A value of p Յ 0.05 was considered significant.
RESULTS
Expression of Adhesion Molecules in the Umbilical Cord
E-selectin. E-selectin expression was detected in only 3 out of 32 cases, and expression was restricted to endothelial cells. The staining pattern consisted of isolated and clustered positive cells (Fig. 1) . Arterial endothelium was positive in three cases; two of these also showed expression on venous endothelium. All positive cases belonged to the funisitis group, whereas there was no E-selectin expression in the other groups (data not shown).
VCAM-1. Similar to E-selectin, VCAM-1 was exclusively detected on endothelial cells. Positive cells were mostly found in clusters or as isolated cells (Fig. 2) . Thirteen out of 32 cases showed positive VCAM-1 staining of arterial endothelium, most of them belonging to the funisitis group, with 8 positive cases out of 11 ( Table 2) . With chorioamnionitis alone, only 4 out of 9 cases revealed arterial VCAM-1 expression, whereas in the control group only 1 out of 12 cases was positive for VCAM-1. Comparison of numbers of positive cells per artery showed a higher expression of VCAM-1 in the funisitis group compared with the chorioamnionitis and control groups (p Ͻ 0.05 and p Ͻ 0.005, respectively). There was no difference between the chorioamnionitis and control groups.
VCAM-1 expression on venous endothelium was less frequent when compared with expression on arterial endothelium with 8 out of 32 samples (Table 2) . With funisitis, 6 out of 11 cases revealed VCAM-1 expression on venous endothelium, whereas there were only 2 positive cases out of 9 with chorioamnionitis alone and none in the control group. The number of positive stained cells per vein were higher in the funisitis group compared with the control group (p Ͻ 0.005), whereas there was no difference between the chorioamnionitis group and the two other groups.
ICAM-1. ICAM-1 was expressed on all endothelial cells of all investigated vessels. In addition, it could be detected in vascular wall (Fig. 3 ), Wharton's jelly, and amnion epithelium (data not shown). Staining intensity was measured with a four-step semiquantitative scale ranging from 1 to 4 for endothelium and from 0 to 3 for vascular wall (Fig. 3 ), Wharton's jelly, and amnion epithelium. In all compartments of the umbilical cord, ICAM-1 expression was higher within the funisitis group compared with chorioamnionitis alone or with the control group, with no difference between the chorioamnionitis and the control groups. ICAM-1 expression intensity on arterial endothelium raised from 2.0 (2.0 -2.4) in the control group and 2.1 (1.8 -2.4) in the chorioamnionitis group to 2. 
ENDOTHELIAL ACTIVATION IN FUNISITIS
Cytokines and Soluble Adhesion Molecules in the Cord Blood
Concentrations of all investigated cytokines and soluble adhesion molecules were higher with funisitis compared with chorioamnionitis alone or with the control group, with no difference between the chorioamnionitis and control group. The median concentration of soluble E-selectin in the funisitis group showed a 1.5-fold increase compared with the chorioamnionitis group (p ϭ 0.05) and a 3.5-fold increase compared with the control group (p Ͻ 0.005; Fig. 5A ). The median concentration of soluble ICAM-1 in the funisitis group increased 2 times compared with the chorioamnionitis group (p Ͻ 0.005) and with the control group (p Ͻ 0.001; Fig. 5B ). The median concentration of IL-6 in the funisitis group revealed a 60-fold increase compared with the chorioamnionitis group (p Ͻ 0.005) and an 80-fold increase compared with the control group (p Ͻ 0.0005; Fig. 5C ). The median concentration of IL-1␤ in the funisitis group increased 5 times compared with the chorioamnionitis group (p Ͻ 0.05) and 13.3 times compared with the control group (p Ͻ 0.005; data not shown). The median concentration of IL-8 in the funisitis group showed a 6.7-fold increase compared with the chorioamnionitis group (p Ͻ 0.005) and an 8.6-fold increase compared with the control group (p Ͻ 0.001; data not shown).
There was a direct correlation between concentrations of soluble E-selectin in the cord blood and the immunohistochemical expression of ICAM-1 on arterial and venous endothelium, in arterial and venous vascular walls, and in the Wharton's jelly of the umbilical cord (tau Ͻ 0.05, data not shown). There was no correlation between soluble E-selectin concentrations and expression of E-selectin on endothelium of umbilical cord vessels, which was positive in only three cases (data not shown). Concentrations of soluble ICAM-1, IL-6, and IL8 in the cord blood correlated with the expression of E-selectin, VCAM-1, and ICAM-1 in all compartments of the umbilical cord (tau Ͻ 0.01, tau Ͻ 0.01, and tau Ͻ 0.05, respectively, data not shown). In addition, there was a correlation between concentrations of cord blood IL-1␤ and expression of Eselectin and VCAM-1 on arterial and venous endothelium and ICAM-1 on venous endothelium, in arterial and venous vascular walls, in the Wharton's jelly, and the amnion epithelium of the umbilical cord (tau Ͻ 0.05, data not shown).
DISCUSSION
In the present study, we investigated for the first time the expression of adhesion molecules in the umbilical cord together with concentrations of soluble adhesion molecules and proinflammatory cytokines in the cord blood in preterm infants with chorioamnionitis or funisitis. In our study, only chorioamnionitis with funisitis but not chorioamnionitis alone resulted in up-regulation of adhesion molecules in the umbilical cord. This up-regulation seems to be part of a systemic inflammatory response as concentrations of soluble adhesion molecules and cytokines increased only in the funisitis group.
Several factors may influence the expression of adhesion molecules, such as gestational age (29, 30) . Therefore, it was important that there was no difference in distribution of gestational age between groups in our study.
E-selectin expression was positive in only 3 out of 32 cases, all belonging to the funisitis group. Expression was confined to the endothelium of umbilical cord vessels as reported previously (24) . The reasons for the rare detection of positive E-selectin staining in our samples remain elusive. Several in vivo and in vitro investigations have shown an inhibitory effect of steroids on the expression of all three adhesion molecules (24,31,32) . In our study, however, all mothers had received antenatal steroids to induce fetal lung maturation, so there was no difference in exposure to steroids between the groups. Despite the influence of steroids on all three adhesion molecules, we found a more frequent expression of VCAM-1 and ICAM-1 compared with E-selectin. Therefore, it seems unlikely that steroids alone are responsible for the low incidence of E-selectin positive staining. Secondly, E-selectin seems not to be expressed constitutively on endothelium (33) . In a recent study, none of the preterm infants without exposure to intraamniotic infection had E-selectin expression in the umbilical cord (34) . This is consistent with our findings that there was no E-selectin expression in the control group. As shown in in vitro models, inflammatory mediators such as TNF-␣ and IL-1␤ induced E-selectin expression on endothelial cells, but kinetic studies showed a transient induction with a peak at 2-6 h and a rapid decline to basal levels at 24 h after stimulation (35, 36) . Because of the short time period of up-regulation, we might not have been able to detect E-selectin expression in the majority of cases.
We hypothesized that low E-selectin levels on the endothelium might be due to shedding into the circulation. In fact, increased levels of soluble E-selectin were only found in patients exposed to funisitis. There was no difference in concentrations between the chorioamnionitis and control group. This suggests that endothelial expression of E-selectin in the funisitis group is reflected by enhanced shedding. We were able to show that even very immature infants were able to respond to an inflammatory stimulus with a marked increase of soluble adhesion molecules. In contrast, Austgulen and colleagues (29) could only detect increased soluble ICAM-1 and E-selectin levels in term but not in preterm infants with signs of inflammation. In their study, however, inflammation group was defined merely by means of clinical data and not by histologic evaluation.
Similar to E-selectin, VCAM-1 could exclusively be detected on endothelial cells of umbilical cord vessels. We were able to detect VCAM-1 in 13 out of 32 cases but only in 1 out of 12 cases in the control group. In accordance with our findings, VCAM-1 could not be detected on endothelium of umbilical cord vessels in 61 preterm infants without intraamniotic inflammation (34) . These data indicate that VCAM-1 is not constitutively expressed at detectable levels on endothelium but can be up-regulated upon inflammation (33, 34, 37) .
Compared with E-selectin, VCAM-1 expression is sustained longer with a peak at 12-18 h after stimulation (9,24), which might be a possible reason for the higher frequency of VCAM-1-positive samples in our study.
In contrast to E-selectin and VCAM-1, ICAM-1 could be detected on endothelium as well as in vascular walls, Wharton's jelly, and amnion epithelium. Expression in vascular walls could be due to expression on smooth muscle cells themselves, as shown in several in vitro experiments (38, 39) , or could be a result of positive stained macrophages, neutrophils, or T-lymphocytes (9, 24) . So far, there is no available data on ICAM-1 expression in Wharton's jelly, but we assume that positive staining is at least partly due to staining of inflammatory cells. The ability of amnion cells to express ICAM-1 has previously been shown in vitro (40) , but not in vivo as in our study. In contrast to E-selectin and VCAM-1, endothelial ICAM-1 expression comprised the whole circumference of all investigated vessels, including the control group. This constitutive low-level expression has been shown to be up-regulated by a variety of cytokines (IL-1, IL-6, IL-8, TNF-␣) with a maximum 9 -24 h after stimulation and a persistently high expression (9, 24) . In our study, ICAM-1 Besides inflammation, ICAM-1 expression has been shown to be up-regulated by the onset of labor (34) . Therefore, it was important that there were no differences in the onset of labor between our groups. Steinborn and co-workers (34) were able to demonstrate that ICAM-1 was up-regulated exclusively on endothelium of umbilical cord vessels with the onset of labor and expression was stronger on arterial than on venous endothelium in noninfected pregnancies. However, in our study design, we found that funisitis led to an up-regulation of ICAM-1 in all compartments of the umbilical cord and ICAM-1 expression raised to the same level on venous as on arterial endothelium, whereas ICAM-1 expression in the chorioamnionitis and control group was stronger on arterial than on venous endothelium. Furthermore, in our study, upregulation of adhesion molecules in preterm infants with funisitis resulted in enhanced shedding with high concentrations of soluble E-selectin and ICAM-1 in the circulation, whereas labor had no effect on soluble ICAM-1 levels (41). Therefore, labor-associated up-regulation of ICAM-1 seems to differ from inflammation-associated up-regulation in the expression pattern and kinetics of shedding.
The reason for the higher expression of ICAM-1 on arterial compared with venous endothelium, which was described by Steinborn and co-workers (34) and confirmed by us remains unclear. One may speculate that differences in flow velocity and shear stress in arteries compared with veins may result in different expression of adhesion molecules. An impaired flow was recently shown to affect the adhesion of inflammatory cells to endothelial cells and their expression of adhesion molecules (42) .
To evaluate whether up-regulation of adhesion molecules in funisitis was a local phenomenon or part of a fetal systemic inflammatory response, we investigated levels of IL-1␤, IL-6, and IL-8 in the cord blood. In parallel to up-regulation of adhesion molecules, those cytokines were strongly increased in funisitis compared with chorioamnionitis alone or the control group. No difference in cytokine concentrations between the chorioamnionitis group and the control group could be detected. In contrast, several studies have shown an increase in IL-1␤, IL-6, and IL-8 levels in the fetal circulation in case of chorioamnionitis (6, 43, 44) , associated with an increased risk for intracranial hemorrhage (28) , but the chorioamnionitis group in these studies was not subdivided according to the presence of funisitis. Supporting our findings, other studies showed increased fetal blood IL-6 concentrations in the presence of funisitis (13, 15, 16, 45) . In addition, IL-6 has been shown to be a useful marker for early neonatal sepsis (46, 47) .
We may conclude that up-regulation of endothelial adhesion molecules in chorioamnionitis with funisitis represents a systemic fetal inflammatory response with enhanced concentrations of inflammatory mediators in the cord blood. In contrast, we could not find an up-regulation of umbilical cord endothelial adhesion molecules or signs of a fetal systemic inflammatory response in our study group with chorioamnionitis alone. Therefore, we speculate that this represents a localized inflammatory process, confined mainly to the maternal compartment.
Cytokines themselves may cause cell damage (17) , but in addition, they may induce up-regulation and shedding of adhesion molecules as we found high concentrations of soluble E-selectin and ICAM-1 in the circulation in funisitis compared with chorioamnionitis alone or the control group. In vivo studies investigating concentrations of soluble adhesion molecules assume that high levels reflect high expression on endothelium, but immunohistochemical expression was not investigated (48, 49) . In our study, we were able to show that enhanced expression of ICAM-1 and E-selectin in funisitis was accompanied by higher concentrations of the soluble forms in the circulation in that group. Controversial data exist concerning the association between blood concentrations of soluble adhesion molecules and the onset of neonatal infection and sepsis (46, 47, 50, 51) .
These soluble adhesion molecules might have a systemic effect on the infant with possible damage of other organs. It has been suggested that elevated levels of soluble E-selectin and ICAM-1 in the circulation of preterm infants might be a risk factor for bronchopulmonary dysplasia (52, 53) . It still remains unclear whether there is a direct pathophysiological effect of soluble adhesion molecules that causes organ damage (54) or whether it is only the up-regulation of adhesion molecules on endothelium with a subsequent influx of inflammatory cells and increased expression of proinflammatory mediators (55) that is responsible for tissue injury. Up-regulation of adhesion molecules on endothelial cells and binding of leukocytes induces activation of endothelial cells resulting in transmigration of leukocytes and tissue damage. In addition, activation of the coagulatory cascade with thrombosis or bleeding can take place (56, 57) . Supporting our hypothesis, funisitis has been reported to reflect a systemic fetal inflammatory response (16, 17) and to be a risk factor for adverse outcome (18) , intracranial hemorrhage (20) , and impaired neurologic outcome with cerebral palsy/white matter damage (17, (21) (22) (23) , whereas there was no association between chorioamnionitis alone and cerebral palsy after adjusting the analysis for gestational age at birth (17, 21) .
Taken together, our results indicate that chorioamnionitis with funisitis induces up-regulation of adhesion molecules in the umbilical cord. This up-regulation seems to be part of a fetal inflammatory response syndrome with increased concentrations of cytokines and shedded soluble adhesion molecules in the fetal circulation (58) . Therefore, it is likely that activation of endothelium is not limited to the umbilical cord but can involve other fetal organs, possibly leading to damage and predicting adverse outcome in the case of funisitis.
